
Preface

To the authors of this text, teaching graphics is not a job; 

it is a “life mission.” We feel that teaching is an impor-

tant profession and that the education of our engineers 

and technologists is critical to the future of our country. 

Further, we believe that technical graphics is an essen-

tial, fundamental part of an engineer and technologist’s 

education. We also believe that many topics in techni-

cal graphics and the visualization process can be very 

diffi cult for some students to understand and learn. 

For these and other reasons, we have developed this 

text, which addresses both traditional and modern el-

ements of technical graphics, using what we believe to 

be an interesting and straightforward approach.

Engineering and technical graphics have gone through 

signifi cant changes as a direct result of the use of comput-

ers and CAD software. Although these changes are im-

portant to the subject of technical graphics, there is much 

about the curriculum that has not changed. Engineers and 

technologists still fi nd it necessary to communicate and 

interpret designs, using graphics methods such as draw-

ings or computer models. As powerful as today’s comput-

ers and CAD software have become, they are of little use 

to engineers and technologists who do not fully under-

stand fundamental graphics principles and 3-D modeling 

strategies or do not possess high-level visualization skills.

This graphics text is therefore based on the premise 

that there must be some fundamental changes in the con-

tent and process of graphics instruction. Although many 

graphics concepts remain the same, the fi elds of engineer-

ing and technical graphics are in a transition phase from 

hand tools to the computer, and the emphasis of instruc-

tion is changing from drafter to 3-D geometric modeler, 

using computers instead of paper and pencil.

Goals of the Text
This text was written to help the engineering and technol-

ogy student learn the techniques and standard practices of 

technical graphics so that design ideas can be adequately 

communicated and produced. The text concentrates on the 

concepts and skills necessary to use both hand tools and 

2-D or 3-D CAD. The primary goals of the text are to show 

how to

 1. Clearly represent mental images.

 2. Graphically represent technical designs, using 

accepted standard practices.

 3. Use plane and solid geometric forms to create and 

communicate design solutions.

 4. Analyze graphics models, using descriptive and 

spatial geometry.

 5. Solve technical design problems, using traditional 

tools or CAD.

 6. Communicate graphically, using sketches, tradi-

tional tools, and CAD.

 7. Apply technical graphics principles to many engi-

neering disciplines.

The authors of this text have gone to great lengths to 

truly integrate traditional and modern engineering design 

graphics theory and practice into a single text. 

xi
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xii Preface

Features of the Fourth Edition
Much thought has gone into designing a complete in-

structional approach to teaching and learning of techni-

cal graphics. The instructor is provided with a number of 

tools to assist in the instruction aspects, and the student is 

provided with tools to assist in the learning process.

This text was specifi cally written using techniques that 

will prepare students to use technical graphics concepts, 

practices, and modern tools, to solve design problems and 

communicate graphically. One goal was to provide to the 

students a textbook that was clear, interesting, relevant, 

and contemporary.

Some of the distinguishing features of this text include 

the following:

 1. New Feature—Supplemental Solid Modeling 
Exercises—A series of new problems focusing on 

3-D solid modeling for parts and assemblies have 

been developed and are included in a special sec-

tion at the ends of Chapter 10 Multiview Drawing, 

Chapter 13 Auxiliary Views, Chapter 16 Section 

Views, and Chapter 20 Working and Assembly 

Drawings. Visual examples for each part and as-

sembly have been created with various solid mod-

eling software packages and are included with 

engineering sketches to aid students in visualizing 

part geometry and the modeling process. In addi-

tion to supplementing traditional subjects in each 

of the chapters, these problems also provide a 

logical extension to the chapter on 3D Modeling 

by furnishing students a new series of software 

independent solid modeling exercises that may 

be modeled with any of the popular parametric 

based solid modeling software packages currently 

in use. In addition to 3-D solid modeling experi-

ence, it is also intended that these problems may 

serve as a basis for students to; 1) explore basic 

property analysis of solid models, 2) develop vari-

able parametric models based on design intent, 

3) generate detail and working assembly docu-

mentation drawings, 4) create intelligent spread 

sheet driven bills of material for managing the 

product development process and 5) explore meth-

ods of relational bottom up and top down assem-

bly modeling.

 2. Design Problems—The new design problems in 

Chapter 3 were developed to provide students an 

opportunity to exercise the various stages of the 

design process outlined in this chapter. They pro-

vide an ideation stage, a decision-making stage, 

design creation stage, and a documentation stage. 

Each problem includes provisions for sketching, 

3D modeling, and documentation of the student’s 

fi nal solution to the problem. In addition, the 

problems were deliberately designed in an open-

ended fashion to promote creativity in the solution 

process, and to provide a context in which the 

student can work to develop a 3D model that ad-

dresses the required criteria.

 3. Integration of CAD—CAD concepts and prac-

tices have been integrated through all the chapters 

when they are relevant to the topic. They are not 

simply “tacked onto” the end of a chapter.

 4. Visualization chapter (chapter 5)—This unique 
chapter, devoted exclusively to visualization, as-

sists the student in understanding the concepts 

and importance of visualization and offers tech-

niques for reading and visualizing engineering 

drawings.

 5. 3-D modeling chapter (chapter 9)—This unique 
chapter is devoted exclusively to the theory and 

practice of 3-D modeling with an emphasis in 

constraint-based CAD.

 6. Modern topics—The book is fi lled with modern 

examples, illustrations, and industry examples so 

students can relate to the material being presented 

and get excited about the subject.

 7. Integration of design—Design concepts are in-

tegrated through the text to give relevance and 

understanding of the relationship of design to 

technical graphics. This is visually reinforced 

throughout the text through the use of an icon 

located in the margin of the text whenever a de-

sign concept is covered. The icon is a smaller 

version of the Concurrent Engineering Design 

Process fi gure fi rst introduced in Chapter 2. Fig-

ure 2.8 breaks design into three major compo-

nents: ideation, refi nement, and implementation. 

Whenever one of these topics is discussed in the 

text, a smaller version of Figure 2.8 is placed in 

the margin with ideation, refi nement, or imple-

mentation highlighted. This lets the student know 

that the topic being covered is relevant to the engi-

neering design process and constantly reinforces 

design as the underlying theme for engineering 

and technical graphics.

Ideation Refi nement Implementation
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Coverage of Modern Topics

One of the primary reasons we wrote the text is that many 

modern topics are either not found or not covered in suf-

fi cient detail in traditional texts. Examples of contempo-

rary topics covered in this book include:

Computer simulation

Human factors

Product data management (PDM)

Virtual reality (VR)

NURBS

Data exchange standards

3-D modeling problems

3-D modeling concepts and practices

Extensive Coverage of Traditional Topics

Even though we fi rmly believe our coverage results in the 

most modern text available, we have been very careful 

to include all the traditional topics normally found in a 

technical drawing textbook. The authors fully understand 

that students must learn the fundamentals whether using 

hand tools or CAD to communicate graphically. There-

fore, coverage of traditional topics is comprehensive and 

in many cases includes step-by-step procedures and en-

hanced color illustrations to facilitate teaching and learn-

ing. The text includes the latest ANSI standard practices 

used in industry.

Chapter Overviews and Features

Every chapter has been carefully planned and written 

with a consistent writing, illustration, design style, and 

pedagogy. The book was written as a part of a more 

global instructional approach to engineering and techni-

cal graphics and will serve as a starting point for instruc-

tor and student. 

To accomplish these goals, the text is divided into 

4 parts and 25 chapters. Each part has a brief introduc-

tion with a listing of chapters in the part so the instructor 

and student understand the logical sequencing of topics 

and chapters. Each chapter has a logical sequence and or-

ganization that is easily navigated. Each chapter contains 

these features:

Relevant Quotes  Each chapter opens with a quote that is 

relevant to the chapter material being covered or the topic 

of graphics in general. These quotes, many by famous 

historical fi gures, reinforce the importance of graphics in 

industry and society. 

Objectives  Each chapter has a list of measurable objec-

tives that can be used as a guide when studying the ma-

terial presented in the text. Instructors can also use the 

objectives as a guide when writing tests and quizzes.

Introduction  A brief overview of the chapter contents pre-

pares the student for the material to be presented. The in-

troduction sets the stage for the relevancy and importance 

of the material to be covered for the engineer or technolo-

gist. The introduction includes a rationale explaining why 

it is important to learn the material in the chapter. 

Color Is Important in a Modern Engineering and Technical 

Graphics Textbook  This was the fi rst technical graphics 

textbook to use four-color illustrations throughout to bet-

ter present the material and improve learning. The selec-

tion and use of color in the text is consistent to enhance 

learning and teaching. Many of the color illustrations 
are also available to the instructor in the image library 
found in the Instructor Resources to supplement lectures, 
as explained in detail later in this Preface.

The use of color in the text was done specifi cally to en-

hance teaching, learning, and visualization. Workplanes 

are represented as a light pink (Figure 9.30). Projection 

and picture planes are a light purple color (Figure 10.10).

Important information in a fi gure is shown in red to 

highlight the feature and draw the attention of the reader 

(Figure 8.6). Color shading is often used on pictorial illus-
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Types of linear sweeping operations
In some systems, linear sweeps are restricted to being perpendicular to the workplane.
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Profi le view
A right side view of the object is created by projecting onto the profi le plane of projection.
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xiv Preface

trations so the user can better visualize the 3-dimensional 

form of the object (Figure 10.43). This is especially im-

portant for most students who are being asked to use their 

visual mode to think and create. Color shading highlights 

important features, more clearly shows different sides of 

objects, and adds more realism to the object being viewed. 
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Display of coordinate axes in a multiview CAD drawing
Only two of the three coordinates can be seen in each view.
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Most descriptive views
Select those views which are the most descriptive and have the fewest hidden lines. In this 
example, the right side view has fewer hidden lines than the left side view.
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Figure 8.48

Constructing an ogee curve between two parallel lines

Figure 3.40

Production drawing
A production drawing showing views of a welded body part.
(Courtesy of Dassault Systemes.)

demonstrates that having the ability to display objects 
and text illustrations in many different colors provides 
a considerable advantage when teaching engineering 
and technical graphics. Effective use of color improves 

the pedagogy and can greatly enhance an instructor’s lec-

ture and ability to teach complicated or hard to understand 

concepts. Being limited to one or two colors as in other 

texts is an unnecessary obstacle to effective teaching and 

learning.

Photographs and screen captures are much more in-

teresting and show much more detail when in color (Fig-

ure 3.40). In some aspects of engineering design, such as 

Frequently, different shades of color are used on objects 

to highlight various features, improve visualization of 

objects, and better describe them (Figure 8.48). Different 

shades of color are also used on a single object to highlight 

surface features, which is useful especially when trying to 

draw attention to certain features, such as holes, oblique 

planes, and surfaces to be projected onto a picture plane. 

Some texts use two colors, which are adequate for some 
illustrations, but our research with students clearly 
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fi nite element analysis, color is the method used to com-

municate or highlight areas of stress or temperature. 

Showing a black and white illustration to explain fi nite ele-

ment analysis is just short of being useless. CAD systems 

are capable of displaying millions of colors and can cre-

ate photographic realistic models of designs and assem-

blies. Full-color illustrations in engineering and technical 

graphics are prerequisite for a modern text.

Practice Exercises  A unique feature of the text is the use 

of practice exercises, which cause the student to pause and 

actively engage in some activity that immediately rein-

forces their learning. For example, Practice Exercise 7.1 in 

Chapter 7, “Sketching and Text,” asks the student to fi nd a 

few familiar objects and begin making isometric sketches. 

elements or to solve problems. These step-by-step proce-

dures show the student in simple terms how a drawing is 

produced. Most of the illustrations accompanying the step-

by-step procedures are in multiple parts so the student can 

see how the drawing is created. In many cases the color red 

is used in each step of the illustration to show what is being 

added or created. 

Integration of CAD  Every chapter includes specifi c refer-

ences to CAD rather than simply adding them to the end 

of the chapter. By integrating the references in the text, the 

student learns how CAD is used in the context of the topic 

being explained. In some cases whole sections or chapters 

deal with CAD topics. For example, Chapter 9, “Three-

Dimensional Modeling,” covers the use of CAD to create 

3-D models. Students begin to understand that CAD is an-

other tool used by the engineer and technologist to com-

municate. Traditional topics and CAD topics are seam-

lessly integrated because the text was written that way 

from the outset. CAD is not an add-on or afterthought. It 

is fully integrated and embraced as a means of creating 

graphics for engineers and technologists (Figure 10.35).

Step 3

Step 1 Step 2

A

B

Figure 7.21

Sketching identically proportioned squares
An identically proportioned square is created by extending both top and bottom horizontal 
lines and constructing diagonals across the existing box. 

Figure 7.36

Isometric sketches of common objects

Screwdriver

Stapler

Step-by-Step Illustrated Procedures  Most chapters include 

many drawing examples that use step-by-step procedures 

with illustrations to demonstrate how to create graphics 

Figure 10.35

Predefi ned multiviews on a CAD system

Historical Highlights  Many of the chapters include infor-

mation about important events and people in the history 

of graphics. This is an extension of the history of graph-

ics fi rst introduced to the students in Chapter 1. Historical 

Highlights are presented as a special boxed feature that 

contains an overview of the person or event along with 

photographs and drawings. They are used as a means of 

giving the student an historical context to graphics. 
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Dream High Tech Jobs  This feature is included in many 

chapters and describes interesting jobs that are available 

to engineers and technologists who have mastered techni-

cal communications.

Design in Industry  Most chapters includes a special fea-

ture covering some aspect of design as practiced in in-

dustry. This Design in Industry feature covers design in 

many types of industries so that students with varied en-

gineering interests can see how design is used to solve 

problems. Many feature quotes from engineers working 

in industry explaining how they solved problems or used 

CAD tools to enhance the design process. All the Design 

in Industry items include fi gures to supplement the infor-

mation presented. 

Highlighting Key Terms  Important terms are highlighted 

in each chapter with bold or italicized text. All boldfaced 

terms are included in the extensive glossary found at the 

end of the text for easy reference. Italicized text draws the 

attention of the reader to highlighted important terms or 

phrases. 

Summary  Each chapter ends with a summary as a means 

to pull everything covered in the chapter together for the 

student. The summary is a brief overview of the most im-

portant topics covered in the chapter. In some cases, the 

summary also includes important information listed in 

tables or bulleted lists. 
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456 PART 2  Fundamentals of Technical Graphics

Designing Snowboards

The engineering design process is 

used in many types of jobs from 

the design of consumer product 

packaging to the design of snow-

boards and related equipment. An 

understanding of the design process 

and 3-D solid modeling—along with 

 eld of engi-

neering—can lead to exciting job op-

portunities, such as the one described 

here of an engineer who worked on 

the design of snowboards.

Snow Sports

“When I was a kid, we called my 

grandfather ‘Fix-it Grandpa.’ He could 

 x anything, and I often followed 

him around asking questions about 

everything. I was always fascinated 

when he took everything apart; only, 

if I did it, I couldn’t always get it back 

together. Neither of my parents were 

mechanically inclined, so, when I 

 xed, I either had 

 x it myself.

“When I was graduating from high 

school, I wanted to go to college at 

University of California, Santa Bar-

bara. My dad and I were looking 

through the college catalog and ran 

across a picture of a Human Pow-

ered Vehicle under the mechanical 

engineering section. We both agreed 

that it looked interesting, and I felt 

 dent that I could study mechani-

cal engineering because I enjoyed 

math, science, and physics.

“Because of my engineering edu-

cation, I feel that I can solve any 

problem and can do whatever I want 

with my life. The education gave me a 

set of tools to have a successful life.

Dream High Tech Job

“To make extra money, I worked 

for Joyride Snowboards as a college 

sales rep. I had been an avid snow-

boarder for the last 12 years so it 

 t to use my en-

gineering skills to further the sport of 

snowboarding.

“My employment at K2 started as 

an internship after graduation and 

eventually became a full-time gig. At 

K2, I designed snowboard footprints, 

 les, and constructions with an 

emphasis on women’s boards. I also 

organized and led on-snow tests on 

Mt. Hood for prototype testing. My de-

sign, the K2 Mix, is still in production 

and was ranked in the Top 5 Women’s 

boards in the 2002 Transworld Buyers 

Guide. In fact, Gretchen Bleiler, the 

winner of the Women’s Super-pipe in 

the 2003 X-Games and the Women’s 

U.S. Open Half-pipe Championships, 

rides my board!”

Skis and Snowboards

Engineers who love to ski and snow-

board naturally gravitate toward work 

in the snow sports industry. Tradi-

tionally, when an idea for a new ski 

or snowboard design came along, 

engineers would build a prototype, 

perform laboratory tests for stiffness, 

and test it on the slopes. Based on 

the test experience, engineers would 

make design changes and retest the 

equipment. This method of design re-

sulted in a slow and tedious process. 

In addition, the perfectly crafted ski 

or snowboard is not perfect for ev-

eryone. The needs of a 5 2  female 

snowboarder are much different 

than the needs of a 6 0  male snow-

boarder. The snowboard’s height, 

weight, and skill level, as well as the 

snow conditions and the angle of the 

slope, all need to be taken into con-

 t the per-

fect board to the enthusiast.

Snowboards are made out of 

several layers of materials, along 

with glue and paint. Snowboarders 

believe that the edge design, or ef-

fective edge, is the most important 

part of the design. Edge design de-

termines how the snowboard will 

turn. The more surface area the edge 

has, the more control and, hence, the 

sharper the turns that can be made. 

Structural strength of the snowboard 

is also very important. Engineers de-

 guring out 

the acceleration of the rider.

To accommodate these various 

conditions, engineers from manufac-

turers such as K2 and Head are de-

signing intelligent technology that will 

enable skiers and snowboarders to 

go faster and have more control.

Reprinted with permission from Baine, Celeste, 

High Tech Hot Shots, 2004, NSPE, hightechhotshots

.com.

S T A C I E  G L A S S

Former Snowboard Design Engineer, K2 

Snowboards

(Courtesy of Stacie Shannon Glass.)

Questions for Review  Each chapter includes an extensive 

list of questions for review. Included are questions meant 

to measure whether students learned the objective listed 

at the start of each chapter. Other questions are used 

to reinforce the most important information presented 

in the chapter. The types of questions used require stu-

dents to answer through writing or through sketching and 

drawing. 

Further Reading  Many of the chapters include a list of 

books or articles from periodicals relevant to the content 

covered in the text. The Further Reading list can be use-

ful for the instructor to fi nd additional information about 

a topic. 

Problems  Every chapter in the text includes an extensive 

number and variety of problem assignments. Most chap-

ters include text-based problems that describe a problem 

to solve or drawing to create. Most chapters include prob-

lems with fi gures that students are to solve or replicate us-

ing traditional tools and CAD. The fi gure-based problems 

are very extensive and range from the very simple to com-

plex. This arrangement allows the instructor to carefully 

increase the complexity of the problems as students learn 

and progress. The most complex drawings can be used to 

supplement assignments given to the most talented stu-

dents or for group-based projects. 

Most of the problems are of real parts made of plas-

tic or light metals, materials commonly found in industry 

today. There are many examples of unique problems that 
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are not found in other textbooks. For example, many of 

the problems in Chapters 5 and 9 are not found in other 

engineering and technical graphics texts. These problems 

reinforce student learning and give them experience that 

will be of great value in industry. 

The wide range and numerous problems allow the in-

structor to frequently change assignments so that fresh 

problems are used from semester to semester. Additional 

problems are available on the website and through our 

workbooks. 

Classic Problems  Many chapters include Classic Prob-

lems, which are additional problems that can be assigned. 

They have been taken from the seminal technical graphics 

textbooks by Thomas E. French, published by McGraw-

Hill. Many of the problems are castings with machined 

surfaces giving the student experience with additional 

materials and machining processes. 

tion is the only useful method of describing design and 

the power of graphics over the written or spoken word.
■ Chapter 2, “The Engineering Design Process,” was 

signifi cantly changed for the 3rd and 4th editions. 

Much of the original content was moved to a new 

Chapter 3, and new material was added. Chapter 2 is a 

brief introduction to traditional and modern technical 

design methodologies with more emphasis on concur-

rent engineering and product lifecycle management. 

One unique aspect of this chapter is the explanation 

of the modern practices used in engineering design, in 

which engineers interact and communicate with other 

professionals in the company. 
■ Chapter 3, “Design in Industry,” is an in-depth over-

view of modern engineering design practice in in-

dustry. Before the 4th edition this was chapter 4. It 

was moved adjacent to Chapter 2 to provide a more 

comprehensive view of the processes and artifacts of 

the technical graphics processes as utilized in indus-

try. Engineering design is explained in context with 

3-D CAD modeling and the sharing of design infor-

mation across the enterprise. The design process is 

covered in detail and includes important topics, such 

as ideation, the designer’s notebook, computer simula-

tion, design analysis, and design review meetings. 
■ Chapter 4, “The Role of Technical Graphics in Produc-

tion Automation and Manufacturing Processes,” is an 

introduction to modern manufacturing and production 

processes. The chapter explains in contemporary terms 

the general manufacturing and production process and 

its relationship to technical design and drawing, in-

cluding 3-D models. In addition, quality management, 

automation, and design for manufacturability (DFM) 

are explained. 

Part 2
Fundamentals of Technical Graphics

This part explains visualization in the context of en-

gineering design and shows students how to construct 

2-D and 3-D geometry and create multiview and pictorial 

technical drawings. 

■ Chapter 5, “Design Visualization,” is a unique chap-

ter aimed at helping students improve their visualiza-

tion abilities, which are fundamental to understanding 

and creating technical graphics. This chapter is unlike 

anything found in other technical graphics texts. The 

chapter briefl y explains the human visual systems so 

students understand the complexity and power of hu-

man visualization. 

Figure 10.156

Bearing rest

Part 1
Global Implementation for Technical Graphics

This section contains four chapters that introduce the 

student to engineering design graphics. It includes an ex-

planation of the importance of graphics instruction for 

engineers and technologists, has a brief overview of the 

engineering design process, explains the tools used to 

communicate graphically, and shows how to create sim-

ple sketches. 

■ Chapter 1, “Introduction to Graphics Communica-

tions,” explains the role and importance of graphics 

communications in engineering design. The concept of 

visualization is fi rst introduced to the student so they 

can begin to relate its importance to design graphics. 

There is a strong emphasis on communications so stu-

dents begin to understand that graphics is a powerful 

form of human communications. One unique feature 

of the chapter is Practice Exercise 1.1, which shows 

through a simple exercise why graphics communica-
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The chapter quickly moves into the very basics of 

visualization as it related to engineering design graph-

ics. The nomenclature and techniques used to describe 

objects are explained in detail so students understand 

the language of engineering and technical graphics. 

This leads into extensive coverage of the visualization 

techniques employed for technical drawings, such as 

image planes and orientation. Students get their fi rst in-

troduction into inclined, normal, and oblique lines and 

planes. 

Integrated into the chapter is information about data 

visualization and the use of graphs and charts to de-

scribe and visualize engineering data. Another unique 
feature of this chapter is the extensive coverage of VR 

in Section 5.8, “Virtual Reality and Visualization.” 
■ Chapter 6, “Technical Drawing Tools,” is an introduc-

tion to the traditional and modern tools used to create 

sketches, drawings, and computer models. Traditional 

tools are described, with step-by-step instructions on 

how to use them. The instructions also cover how CAD 

is used to supplement traditional tools. This is the fi rst 

chapter employing one of the major features of this 

text: step-by-step instructions.
■ Chapter 7, “Sketching and Text,” is an introduction to 

the creation of sketches and their use to support the de-

sign process. Traditional sketching tools are described, 

along with important sketching techniques. Step-by-

step procedures guide the student through simple 

sketching activities.

The additional sketching techniques are similar to 

those found in the classic text, Drawing on the Right 
Side of the Brain by Betty Edwards, and includes con-

tour sketching, negative space sketching, and upside-

down sketching. All of these techniques can dramati-

cally improve a person’s ability to make sketches. 
■ In Chapter 8, “Engineering Geometry and Construc-

tion,” the student is shown how to create and edit 2-D 

geometry, using both traditional tools and CAD. More 

advanced technical geometry that can be created with 

3-D CAD is also introduced. This chapter includes an 

extensive explanation of coordinate space which is es-

pecially useful for 3-D CAD. Another unique aspect 

of this chapter is the extensive coverage of geometric 

principles, such as parallelism, intersections, tangen-

cies, and comprehensive coverage of 2-D and 2-D 

geometry.
■ Chapter 9, “Three-Dimensional Modeling,” is an ex-

tensive coverage of 3-D modeling theory, techniques, 

and applications. The chapter shows how computers 

are used to create all types of 3-D models, using vari-

ous construction techniques. Coverage includes wire-

frame, surface, and solid modeling, constraint model-

ing, constructive solid geometry modeling CSG, and 

boundary representation modeling. Feature analysis is 

explained so students begin to understand design in-

tent which is so important when concerned with mod-

ern engineering design. A section on feature defi nition 

explains how to build models using various features 

defi ned by the user. Virtually every method and tech-

nique used to create 3-D models with CAD is covered 

in the chapter, giving the student the understanding 

necessary to use any 3-D modeling system.  Chapter 9 

has more modern topic coverage, including more ma-

terial on constraint-based modeling.
■ Chapter 10, “Multiview Drawings,” introduces stan-

dard multiview drawings for technical design and pro-

duction. The chapter begins by explaining projection 

theory in general and multiview projections in particu-

lar. Standards and conventional practices for multiv-

iew drawings are then introduced. Integrated into the 

chapter are explanations and the use of illustration to 

assist the learner in visualizing the principles of or-

thographic projection. These visualization techniques 

provide a solid foundation and understanding of ortho-

graphic projection and how it relates to creating multi-

view drawings. 
■ Chapter 11, “Axonometric and Oblique Drawings,” 

is an introduction to such drawings and contains 

an in-depth discussion of pictorial projections and 

drawings, building on the material covered in Chap-

ter 7, “Sketching and Text.” Through step-by-step 

instructions, the student is shown how to create pic-

torial drawings, using traditional instruments or 

CAD. This chapter also goes to great lengths to ex-

plain the theory and technique of axonometric and 

oblique drawings so students understand at a very 

fundamental level how these projection techniques 

are created.
■ Chapter 12, “Perspective Drawings,” is an introduction 

to perspective projection and drawings. This chapter 

again builds on the information presented in Chapter 

7, “Sketching and Text.” Step-by-step instructions de-

scribe how to create one- and two-point perspective 

drawings. Extensive background material is provided 

so students understand the concepts underlying per-

spective projections. 
■ Chapter 13, “Auxiliary Views,” introduces the theory of 

auxiliary views and the techniques for drawing them. 

The fold-line and reference plane methods are ex-

plained using step-by-step instructions. Auxiliary view 

techniques are then applied to the solutions of prob-

lems concerning reverse construction, views in a spec-
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ifi ed direction, dihedral angles, and the true size of an 

oblique plane.

Part 3
Descriptive Geometry

Part 3 is a basic introduction to the theory and practice of 

descriptive geometry, intersections and developments. 

■ Chapter 14, “Fundamentals of Descriptive Geometry,” 

is an introduction to the application of descriptive ge-

ometry to the solution of spatial problems. There is ex-

tensive coverage of the underlying concepts and pro-

jection theory related to auxiliary views. One unique 
feature of this chapter is the fi ve principles of descrip-

tive geometry, which summarize the important con-

cepts in the solution of spatial geometry problems. 

Another feature is the list of tips and axioms useful in 

solving such problems.
■ Chapter 15, “Intersections and Developments,” in-

troduces two concepts: (1) the intersections between 

geometric forms and (2) 3-D geometric developments. 

The chapter presents the standards and techniques for 

drawing these important elements through detailed 

step-by-step illustrated procedures. One unique aspect 

of the illustrations used in the step-by-step procedures 

includes 3-D pictorial color illustrations of the inter-

secting objects, making it easier for the student to vi-

sualize the problem being solved. 

Part 4
Standard Technical Graphics Practices

Part 4 includes ten chapters which describe the standard 

practices commonly used to create technical drawings to 

support the engineering design process. In this part stu-

dents learn how to create section views, dimension and 

tolerance a drawing, and represent fasteners on drawings. 

Modern manufacturing practices are covered as well as 

working drawings.

■ Chapter 16, “Section Views,” is an introduction to the 

techniques and standards used to create all types of 

section views. One important concept is section view 

visualization, which is explained early in the chapter. 

Each section view type is examined in terms of its vi-

sualization, the applicable standards practices, and the 

techniques useful in its construction. A Summary of 

Important Practices is included at the end of this chap-

ter to assist the student in making section views.

■ Chapter 17, “Dimensioning and Tolerancing Practices,” 

introduces the techniques and standards for adding 

dimensions to technical drawings. There is extensive 

coverage of standard practices used for nearly any fea-

ture found on drawings, and they are explained using 

illustrations which sometimes include color rendered 

pictorial views useful in visualizing the dimensioning 

or tolerancing concept being explained. The need for 

tolerancing is discussed in great detail so that the stu-

dent will understand and appreciate the importance of 

tolerancing in technical design. The summary includes 

two tables that condense important dimensioning and 

tolerancing information useful for students in develop-

ing their own technical drawings.
■ Chapter 18, “Geometric Dimensioning and Toleranc-

ing Basics,” introduces the standards, techniques, and 

practices associated with ASME Y14.5M-1994 stan-

dard geometric dimensioning and tolerancing. The 

chapter explains each type of geometric dimension, 

how it is measured, and how its associated symbols are 

used in technical drawings. There is extensive use of 

illustrations with rendered pictorial views of the prin-

ciple being explained. 
■ Chapter 19, “Fastening Devices and Methods,” intro-

duces the student to various types of fasteners and their 

representation on technical drawings. Step-by-step pro-

cedures demonstrate how to read a thread table, create 

simplifi ed and schematic internal and external thread 

forms, and draw bolts and springs. One unique feature 

of this chapter is the many references to the Machinery 
Handbook to familiarize students with this important 

guide to information on fasteners. Another is the very 

detailed explanation of how to read an ANSI standard 

thread table.
■ Chapter 20, “Working Drawings,” describes how 

to create a standard set of drawings that specify the 

manufacture and assembly of a product based on its 

design. All of the important features of a set of work-

ing drawings are described and illustrated, along with 

engineering change orders (ECO) and reprographic 

practices, including digital technologies. 
■ Chapter 21, “Technical Data Presentation,” describes 

how to create technical illustrations and represent data 

using both traditional techniques and computers. The 

chapter covers such modern illustration techniques as 

color theory, lighting, animation, and multimedia. Stu-

dents learn the basic concepts used to represent data 

graphically followed by examples of charts and graphs 

produced from data. One unique feature of this chap-

ter is the representation of 3-D graphs and charts to 

represent data. 
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■ Chapter 22, “Mechanisms: Gears, Cams, Bearings, 

and Linkages,” is an introduction to the standard tech-

nical drawings for gears, cams, bearings, and linkages. 

In this chapter students learn the theory and practice 

used to represent mechanisms. Included in this chapter 

are a number of step-by-step procedures used to read 

mechanism catalogs and draw the mechanism using 

standard practices.
■ Chapter 23, “Electronic Drawings,” is an introduction 

to the symbols and applications of electronic drawings 

in industry. 
■ Chapter 24, “Piping Drawings,” explains the funda-

mentals of piping, as well as the symbols used to cre-

ate standard piping drawings. 
■ Chapter 25, “Welding Drawings,” is an introduction to 

welding processes and the symbols used to represent 

welded assemblies in technical drawings.

Glossary, Appendixes, and Index
At the end of the text is an extensive glossary containing 

the defi nitions of all key terms shown in bold in the text. 

This glossary contains over 600 terms related to engi-

neering and technical drawing, engineering design, CAD, 

and manufacturing. 

The appendixes contain supplementary information 

useful to the student, such as an extensive listing of abbre-

viations commonly used in technical graphics;  geometric 

dimensioning and tolerancing information; materials 

properties, useful when creating a materials library for 

CAD solid modelers; properties of geometric forms, use-

ful for 3-D modeling; ANSI standard tolerancing tables; 

and standard fastener tables for drawing and specifying 

various fasteners, keys, washers, and pins.

An extensive index is included at the end of the text to 

assist the reader in fi nding topics quickly. This index is 

carefully cross-referenced so related terms can easily be 

found by the user. 

Supplements
A number of supplements have been developed to assist 

in the instruction of technical graphics.

Instructor’s Manual

This supplement is available on the instructor’s web site 

and it contains

Chapter objectives

Chapter outlines

Chapter summaries

Key terms

Questions for review with answers

True-false questions with answers

Multiple-choice questions with answers

Teaching tips and suggestions

Solutions Manual

This solutions manual contains answers to the end-of-

chapter word problems, as well as many of the end-of-

chapter drawing problems. Solutions are available on the 

instructor’s web site. 

Workbooks

A workbook with additional drawing problems is avail-

able. Graphics Drawing Workbook contains many of 

the problems found in the text in workbook form. This 

workbook has many traditional and nontraditional types 

of problems that are useful for visualization exercises and 

3-D modeling.

Online Learning Center (OLC)
The OLC website follows the textbook chapter by chap-

ter. As students study, they can refer to the OLC website 

for learning objectives, a chapter summary, fl ashcards, 

animations, and more. Before taking an exam, students 

will know if they’re ready thanks to interactive exercises 

and taking self-grading quizzes.

A secured Instructor Center stores your essential course 

materials to save you prep time before class. The Instruc-

tor’s Manual and presentation materials are now just a 

couple of clicks away. You will also fi nd additional prob-

lem material and exercises (some are Internet-specifi c).

OLC Supplements

Many supplements for each chapter are found on the 

 online learning center, including the following;

Learning Objectives  A listing of all learning objectives 

for each chapter in the text.

Chapter Outline  An extensive outline of each chapter.

Multiple-Choice Quiz  An interactive online quiz covering 

important topics in the chapter. Answers are submitted 

for automatic and immediate grading for review by the 

student.
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Questions for Review  The questions include a hint button 

if a student cannot answer the question. The hint button 

refers the student to the chapter page where the material 

relevant to answering the question can be found.

True or False Questions  An interactive online true and 

false test covering important topics in the chapter. An-

swers are submitted for automatic and immediate grading 

for review by the student.

Flashcards  Interactive exercises to assist students in 

learning important terms from each chapter of the text.

Web Site Links  Many chapters include numerous web site 

links that can be used by students and faculty to supple-

ment the textbook material.

Animations  Many chapters include animations that can 

be downloaded and played on a computer showing how to 

visualize and understand concepts.

Related Readings  A listing of additional books that can 

be used as references or further reading on topics covered 

in the chapter.

Image Library  The image library, available to instruc-

tors, contains all the images in each chapter that can be 

viewed, printed, or saved.

AutoCAD Problems  Some chapters contain additional me-

chanical, civil, and architectural AutoCAD problems in 

PDF format for viewing and printing hard copies. These 

problems include step-by-step procedures useful in draw-

ing the problem using AutoCAD software.

Stapler 3-D Modeling Project  The 3-D stapler modeling 

project was removed from the 4th edition, but it can be 

found on the Online Learning Center. The purpose of 

the integrated 3-D modeling project is to further assist 

and motivate students to learn engineering and techni-

cal graphics concepts through a real project. The 3-D 

modeling project uses a real product, a stapler made by 

Swingline. The stapler is a fairly simple device with some 

challenging surfaces. The range of complexity allows stu-

dents to begin with simple parts and move on to increas-

ingly sophisticated graphics and models as they become 

more knowledgeable and experienced in using computer 

graphics.

Old Drawing Problems  Many of the drawing problems 

that were in the 3rd edition but not replaced with new 

problems in the 4th edition can be found on the Online 

Learning Center.

Geometric Forms  Patterns of simple geometric forms are 

patterns that can be cut out by the student and formed into 

their 3-D shape. Instructors can use them to supplement 

their lectures, as visualization aids, and for additional 

problem assignments.
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